Bauxite residue (BR) is a highly alkaline hazardous waste produced from alumina extraction processing, 10 and has a complex mineralogy, which gives rise to soil basification and land degradation. Current 11 management practices have mainly focused on containment, with less attention given to long-term natural 12 evolution of its physical and chemical properties, particularly surface electrochemical characteristics.
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Weathering appears to reduce its environmental impact and alleviate its effect on land degradation whilst 
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The management of bauxite residue is a seriously challenging waste problem that is a major concern to 47 alumina refineries. Globally, there is no economic alternative to landfill, therefore almost all bauxite 
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The majority of the residues mineralogy is derived from weathering of bauxite and parent rock, but the 55 bauxite digestion process also produces secondary minerals, especially desilication products of 56 aluminosilicates such as cancrinite, sodalite and hydrogarnet, but also oxides, carbonates, and hydroxides 57 (Grafe et al., 2011; Palmer & Frost, 2011 
74
The natural change in behavior of alkalinity in the residue is primarily governed by electric charge; 75 positively charged cations are attracted to negatively charged surfaces, and negatively charged anions are 76 attracted to positively changed surfaces. This opposite attraction could be determined by the zeta potential 77 (ζ), and is dependent on pH (Castaldi et al., 2010; Liu et al., 2013; Kosmulski, 2014 
98
Residue age differences are approximate, but were determined due to a change in zonation which was 
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Sample characterization
110
Bauxite residue samples for X-ray powder diffraction (XRD) analysis were conducted on a Bruker D8 111 discover 2500 with a Cu Kɑ1 tube using a Sol-X detector. X-ray diffraction patterns were collected from 112 10 to 80° at a 0.04° 2θ step size and a 1° 2θ min -1 scan rate. The PANalytical analysis package was 113 applied to identify and quantify phases from XRD data. The relative intensity of the method was used to 114 quantitatively calculate mineral phases. The value of the reference intensity ratio (RIRi) of the reference 115 code corresponding to phase i is directly determined, and the area Ii of maximum intensity peak of the 116 phase i is calculated. Then, the weight fraction Wi is calculated from Wi = ( ⁄ ) / (∑ ⁄ ).
Amorphous and semi-amorphous minerals of each sample was estimated with the aid of Jade v.7 118 software. The BG-Offset parameter shifts was used to fit an appropriate background, where the peaks 119 above this were integrated, then the whole integrated area provides a proportion of crystalline material.
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Semi-amorphous materials were evaluated by identifying the area between the complex higher-order 121 background (BG) and a simple first-order BG for peak fitting by means of weighted integration.
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Subsequently, the whole weighted area was subtracted from this determined area. The simple first-order 123 background, and the diffraction pattern profile were deleted, then diffraction pattern was divided on a 5 124 decimal equal place. This area between the simple first-order BG and the complex peak fitting BG was 125 cut off, and the two regions were respectively weighed, finally quantifying the semi-amorphous minerals.
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Specific surface area (BET) of dried residues were performed on a Quantachrome Quadrasorb S1-3MP deposited by low vacuum sputter coating, and subsequently examined by a GSED field emission probe.
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Isoelectric point determination
136
The isoelectric point (IEP) of bauxite residue was measured by potentiometric titration using ultrasonic 
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Hydrogarnet is the primary alkaline mineral (Table I) 
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indicate that the concentration of diaspore was maintained at approximately 6.0 %, suggesting that the 178 transformation of gibbsite to diaspore was not activated through natural conditions (Table I) .
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Where present, Ca 2+ and OH -mainly come from the dissolution reactions of hydrogarnet and tri-calcium aluminate (Eqs. 3 and 5).
Ca(OH)2+CO2→CaCO3 
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Perovskite and quartz minerals were also stable ( 
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With increasing time from disposal, sorption sites decreased (Table I) (Table I) .
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The isoelectric points of the different aged residues were calculated from the mean zeta potential 
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The fresh residue had a higher concentration of alkaline materials (hydrogarnet, calcite and sodalite) 222 (Table I) , which had a higher IEP (Figure 4) , whilst the aged residues that contained a lower concentration 223 of alkaline minerals, had a lower IEP (Figure 4) . The difference in mineralogy between the fresh and aged 224 residues was only in their concentrations ( Table I 
